INTRODUCTION
Autism spectrum disorders (ASD), attention-deficit/ hyperactivity disorder (AD/HD), and tic disorders affect several per cent of all school-age children [1] [2] [3] . "Broader phenotypes" that overlap with personality variants have been described in relatives [4] , and the overlap across these disorders is considerable [5] [6] [7] . These problem types are also found more often than expected by chance in obsessive compulsive disorder (OCD) [8] , eating disorders [9] , conduct disorder (CD), oppositional defiant disorder (ODD) [10] , and learning disorders [11] .
Disorders in this field have usually been studied as categorical disorders. This may not be an optimal approach. First, the diagnostic definitions may not correspond to real categories. A taxonomic distribution has never been empirically demonstrated for any of the major child and adolescent psychiatric disorders. Second, disorders rarely exist in "pure" forms, i.e. without co-existing symptoms from other diagnostic categories or even fully developed concomitant disorders [12] [13] [14] . It may, in effect, be more consistent with the scientific literature to regard "conditions" fitting diagnostic criteria for these disorders as expressing the lowermost extremes of normally distributed neuropsychological abilities in the areas of empathy, attention, and impulse control.
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In turn, such underlying abilities may be related to specific or broad aspects of brain development, which would mean that a high degree of "comorbidity" and instability would have to be expected at the diagnostic level.
The Autism -Tics, AD/HD, and other Comorbidities inventory (A-TAC) is a new parent screening tool, validated as a telephone interview screening device for ASD, AD/HD, tic disorders, developmental coordination disorder (DCD), and learning disorder [15] . It is used here to present data on prevalence rates, distributions of problems, and patterns of associations between problem types in a population-based group of school-aged children.
METHODS

Subjects
Parents of all Swedish nine-and twelve-year-old twins were traced through the Swedish Twin Registry and contacted for interviews over the phone as part of the Child and Adolescent Twin Study in Sweden (CATSS) [16] . The reason for choosing this age group was that most of the major child psychiatric problem constellations have been established by then, whereas the complex psychosocial problems associated with puberty have not yet emerged.
The analyses presented in this report are based on 2,957 consecutive children (744 boys and 655 girls aged nine years, 806 boys and 752 girls aged twelve years), representing 81% of eligible individuals. All subjects were the first of each twin pair to be assessed by the interviewers: 1,946 were the first-born in the pair, 999 were the second-born, while information on birth order is missing in twelve cases. Children from both monozygotic and dizygotic (same-sex and different-sex) pairs were included. Interviewers from a professional company, "Intervjubolaget", carried out the interviews after a brief introduction in child and adolescent psychiatry and twin research.
To assess possible confounding factors, we compared prevalences for all types of problems by Fischer's exact tests between 1. subjects for whom the mother vs the father answered the interview, 2. subjects from monozygotic vs dizygotic pairs, and 3. nine-vs twelve-year-old subjects. Given the high number of subjects, it was assumed that the statistical power is sufficient to detect meaningful differences between these groups even after Bonferroni corrections of pvalues, i.e. multiplication with 15 for 13 modules and 2 diagnostic combinations (ASD and AD/HD, for details on the assessed definitions, see below under Methods). The mother was interviewed in 2,571 cases, the father in 369, and another member of the family in 17 instances. There was a general tendency towards lower ratings from fathers as compared to mothers, but no significant prevalence difference. Nor did children from monozygotic vs dizogotic pairs, or nine-vs twelve-year-old children differ significantly for prevalence in any of the assessed definitions (detailed data from the analyses of possible confounders are available from the authors upon request).
A-TAC Interviews
The A-TAC is a comprehensive parent interview focusing on child ASD and associated conditions. It has been validated as a telephone interview (performed by lay persons) and designed to provide good screening properties for identifying significant problems/diagnostic categories as well as dimensional ratings of problems with a view to advancing both epidemiological and genetic research beyond current categorical conceptualisations of disorders.
The A-TAC initially consisted of items that cover the DSM-IV criteria for ASD, AD/HD, tic disorders, learning disorder, and DCD almost verbatim, with some items included from other established instruments/diagnostic algorithms, such as the Asperger Syndrome Diagnostic Interview [17] . The content validity of the items is supported by their close relation to these established criteria and by the authors' clinical expertise in the field. In a validation study based on telephone interviews with 111 parents of clinically diagnosed children and healthy controls, the A-TAC had "excellent" screening properties for AD/HD and ASD, and "good" screening properties for learning disorder, DCD, and tic disorders. Inter-rater and test-retest reliability coefficients were good-excellent (intra-class coefficients ranging from 0.97 to 1.0, and from 0.77 to 0.97, respectively), with the exception of eating problems at 0.57 [15] . With the aim of improving specificity, more items have subsequently been added based on the clinical literature, the Five To Fifteen questionnaire (FTF) [18] , and our own clinical experience. Items tapping into DSM-IV-defined criteria for other disorders that have been shown to overlap with ASD, such as anorexia nervosa, OCD, and ODD/CD, have also been added, organized in modules based on theoretical and psychometric considerations, as detailed in documents available from the web-site of the Swedish Child Neuropsychiatry Science Foundation (http://www.childnps.se). Items assessing whether reported problems or other behavioural features have caused significant dysfunctions in important areas and/or a significant level of personal suffering were added to each module. Response categories are "no" (0), "yes, to some extent" (0.5), and "yes" (1.0). For the analyses presented here, scores based on the algorithms of the preliminary validation were calculated. The score for a module is counted as "missing" if three or more items in the module were endorsed as "do not know" or "do not want to respond". Finally, for each symptom/problem module endorsed, the age of onset and persistence/age of remission were documented.
After a pilot group had been screened, we established "gate" questions that were asked to all parents, followed by questions that were asked only if one or more of the "gate" questions were affirmed. The "gate" questions were selected based on clinical relevance and ability to identify subjects for whom significant dysfunction and/or personal suffering was reported. They included all validated DSM-based items for ASD, AD/HD, and tic disorders. For further information on the instrument, including the final versions of the instrument in Swedish, English, French, and Spanish (currently for the ASD modules only), psychometric considerations during its development, and details of the "gate" structure, see the web-site referenced above. A new clinical validation, including algorithms for both screening and identification of caseness, is currently submitted for publication by Larson and coworkers.
Interviewers followed a computerized version of the A-TAC, and responses were entered directly into a database. Interviewers were instructed to ask all questions in a lifetime frame, and parents were repeatedly reminded that they should answer all questions taking a lifetime perspective into account and compare the child to his/her peers.
Scores based on the validated items and those that reflect the DSM-IV criteria were calculated for each module. Scores from the two AD/HD modules (concentration/attention and impulsiveness/activity) and the three ASD modules (social interaction, language, flexibility) were also collapsed for assessment of these two diagnostic categories. A child was considered screen-positive for a diagnostic category if the score corresponded to the validated cut-offs for ASD ( 4.5 on the DSM-IV-related items in social interaction, communication/ language, and behavioural flexibility, AD/HD ( 8 on the DSM-IV related items in attention or impulsiveness), tic disorders ( 2), learning disorder ( 3.5) or DCD ( 1.5) [15] . Further, in the individual modules that form AD/HD and ASD, the cut-offs from the DSM-IV were used (i.e. 6 or more for concentration and impulsiveness, 2 for social interaction, and 1 for language and flexibility, respectively. The same principle was used for the remaining modules where no previous validation had been completed (e.g. eating disorders or conduct disorder). This paper thus reports only on modules for which a cut-off score has been possible to iden-tify, either through the preliminary validation or from the DSM-IV. Modules and cut-off scores applied are listed in Table 1 .
Statistical Methods
Prevalence differences between groups were tested with Fischer's exact tests. All p-values are two-tailed, and provided in the Table without correction for multiple comparisons, which is, however, easily attained by multiplication of individual p-values by 15 as described above under Subjects for the analyses of possible confounders. Significant probabilities were defined as p 0.05. Correlations were calculated as nonparametric Spearman rank correlations as distributions of A-TAC scores were skewed. The factor analysis was based on a principal axis factor analysis with a varimax rotation. The number of factors that were retained was based on the standard scree plot and eigenvalue (>1) criteria. Statistical analyses were performed in the SAS 9.1 or the SPSS 12.0.
Ethical Considerations
All informants consented to the study after written and oral information. Analyses were performed on anonymized data files. The study protocol accorded with the Helsinki declaration and was approved by the ethical review board of Karolinska Institutet.
RESULTS
No significant problems corresponding to the screening algorithms, i.e. scores below the defined cut-offs in all modules, were reported in 83.6% of the children.
A total of 39 subjects (1.3%) were screen-positive for ASD. Corresponding proportions were 5.6% for AD/HD, 1.9% for tic disorders, 7.1% for learning disorders, and 4.5% for DCD ( Table 1) . A total of 12.2% were screen-positive for one or more of ASD, AD/HD, tic disorders, or learning disorders.
According to Fischer's exact tests, prevalences were higher among boys than girls for all problem types except eating habits ( Table 1) .
Median ages at onset for various problem types are shown in the last column of Table 1 . Motor dyscoordination, hyperactivity, and problems with communication and social interaction were the first problem types to be detected, in most cases before three to four years of age, followed by all other problem types, which became apparent around school start at six to seven years of age (with the exception of eating problems).
There was no sign of bimodal distribution in any of the modules, as shown in Table 2 .
Overlap Between Problem Types
Percentages of overlap across the diagnostic categories, and correlation coefficients between scores, are shown in Table 3 . A factor-analysis with a varimax rotation showed a three-factor structure ( Table 4 ). The three factors accounted for 66.5% of the variance. They roughly corresponded to one factor for externalizing behaviours, one factor for problems with social interaction, communication, learning, and motor control, and one factor for compulsiveness or fixations. An oblique rotation (promax) gave the same pattern (data not shown).
CONCLUSIONS
In this general population cohort, results from parent telephone interviews showed relatively high prevalence rates for problems across the spectrum of child and adolescent psychiatric symptomatology, particularly in the field of learning and attention. The high prevalences of screenpositives for language/communication problems and for poor flexibility are most probably due to the fact that DSM-IV requires only one item to fulfil these criteria, while the threshold for ASD is higher. However, social interaction problems, which are often conceived of as the core autistic trait [19] , also showed a high prevalence rate -of over 6%according to the DSM-IV social interaction criterion for autism, in which at least two symptoms are required.
No module showed evidence of a bimodal distribution, which would suggest that screen positivity represents the extreme tail in normal distributions. This finding suggests that sub-threshold manifestations of disorders should be considered, since cut-offs for screen-positivity probably do not correspond to any non-arbitrary divisions between disorders and "normality". Even autism has recently been conceptualized as a dimensionally distributed problem constellation, in which those subjects who are clearly affected with a clinical disorder represent one extreme tail of an underlying normal distribution [19, 20] . Parallels can be drawn to the development of the nosology in the field of personality disorders in adults, which has been broadened from clinical descriptions of caseness to definitions of normally distributed traits [21] . The use of a dimensional view in child and adolescent psychiatry is also supported by suggestions that there might be important connections between childhood neurodevelopmental problems and adulthood personality traits [22] [23] [24] . From this point of view, the A-TAC has the advantage of exploring the degree to which handicap and suffering are associated with symptoms and features.
Most problem types associated with the traditional "neurodevelopmental" disorders, such as AD/HD and ASD, were much more common in boys than in girls. However, there were no striking gender differences in problems associated with learning and compulsiveness. The lack of gender differences in the areas of conduct and eating problems could be due to the small number of screen-positive children in these groups. The overall pattern of gender differences in the study corresponds to the general overrepresentation of clinical neurodevelopmental disorders in boys.
In agreement with the mounting evidence of important overlaps across various child psychiatric disorders [25] , we found significant correlations across scores from all the A-TAC modules in this general population twin sample. Thus, both in clinical settings and among the general population, the notion of "pure" diagnoses has a weak empirical underpinning, and clinicians and researchers should probably consider a wider complexity of child psychiatric conditions. In his 1991 Emmanuel Miller memorial lecture, Gillberg proposed that autism and ASD were "subclasses among disorders of empathy", overlapping to a considerable extent with other childhood-onset disorders, such as AD/HD, anorexia nervosa, and OCD [26] . This notion has since come to be strongly supported by empirical data (for a review, see Angold et al., 1999) . Like some previous authors, we found that AD/HD symptoms were common in ASD high scorers, and tic disorders and/or learning disorder were reported in several other problem groups [13, 27, 28] .
A-TAC symptom scores converged in three factors, which roughly corresponded to problems with (1) hyperactivity, inattention, opposition and conduct, (2) communication and social interaction with learning, executive, and perceptual problems, and (3) compulsiveness with anxiety and lack of flexibility. There are obvious parallels between these factors and classic temperament types or dimensions, which often reflect novelty/sensation-seeking, social interaction, and emotionality/neuroticism. Problem constellations that most probably represent neurodevelopmental features, such as motor dyscoordination, perception abnormalities, learning disorders, and tics, fit into the general child and adolescent psychiatric problem picture and correlate not only with problems associated with AD/HD and ASD, but also with anxiety, opposition, and compulsiveness. Conduct problems, which have repeatedly been shown to precede adult social maladjustment [29] , have also been found to be associated with virtually all aspects of neurodevelopmental and psychiatric problems, a finding that underpins the neuropsychiatric vulnerability of individuals who end up on the "margins of society" [30] .
Despite the strong correlations between problem types, a considerable number of children were screen-positive for only one category. This indicates that not only overlapping diagnoses should be accounted for in studies on "comorbidity" or co-existence of problems, but also subclinical traits or problems from other areas that may be encountered in connection with the "main" diagnoses.
Among instruments that are possible to use in large-scale, non-clinical research, the A-TAC is unique in that it (a) indicates caseness for ASD and related disorders, (b) provides dimensional assessments of various types of behaviour and emotional problems in children, and (c) has been validated as a telephone interview. Most interviews, especially those adapted for lay interviewers and large-scale epidemiological research, have been developed based on empirical data from broad assessments of problem types, rather than on the basis of clinical definitions. The Childhood Behaviour Checklist (CBCL) was initially developed according to empirical considerations [31] , but has later been adjusted in accordance with DSM-IV categories [32] , but several aspects of the ASD complex are missing. The Autism Spectrum Screening Questionnaire (ASSQ) [3, 33] , the Social Reciprocity Scale (SRS) [19] , and the Autism Quotient (AQ) [34, 35] , all provide dimensional assessments of autism-related traits and have empirically based cut-off scores, but they do not assess co-existing problem areas and have been validated as paper-and-pencil questionnaires only. In contrast, more elaborate clinical, interview-based, diagnostic schedules, such as the Kiddie-Schedule for Affective Disorders and Schizophrenia (K-SADS) [36] and the Diagnostic Interview for Social and Communication disorders (DISCO) [37] , may contribute towards more precise clinical diagnoses but are less useful in non-clinical research because of the amount of time required to complete full interviews. In general, they also focus on specific diagnoses without accounting for dimensionality or the complexity of co-existing problems.
Other non-clinician-administered interviews, including the Children's Interview for Psychiatric Syndromes (ChIPS) and the Diagnostic Interview for Children and Adolescents (DICA-R-C) [38, 39] , do not cover criteria for ASD, tic disorders, or AD/HD.
Limitations of the Study
Obvious limitations are inherent in the non-clinical diagnostics applied and in the use of one informant only. Twins may not be representative of the general population in terms of mental health problems and psychomotor development. However, most empirical studies that have examined this issue have found no or very small differences between twins and singletons [40] . Kendler, for example, found no differences in psychotic and affective disorders among twins as compared to population expectation [41] . The high degree of co-existing problems in this study may to some extent be explained by overall differences in response style, where some parents readily report a large number of problems, and others are "deniers" throughout. It does not seem likely that response style alone could account for most of the variance of the results of the study. Recall bias might have affected the results. However, there were very few significant differences between the nine-and twelve-year-old children, supporting that the A-TAC generally succeeds in assessing symptoms and problems in a lifetime perspective.
